Introduction
Chile has a variety of climates, including Semiarid Subtropical Mediterranean and Mediterranean, both of which are favorable for avocado cultivation (Papadakis, 1966) . The Region of Arica and Parinacota has a desert climate, with microclimates in several areas with high potential for avocado production.
There are a number of factors that limit avocado production, especially various diseases. The avocado root rot caused by Phytophthora cinnamomi Rands is one of the most important and devastating diseases of avocados in Chile and in the world (Zentmyer, 1980 Zentmyer, et al., 1994 Erwin y Ribeiro, 1996) . It is normally associated with poorly drained soils, especially clay soils, since water is the fundamental factor for the dissemination of spores (Besoain et al., 2005; Ferrari and Ramirez, 1998) . In central Chile it is a frequent disease in avocado orchards (Besoain et al., 2005; Latorre, 1992; Latorre et al., 1998; Vergara, 1957) . However, its presence and distribution in other zones of the country has not been studied.
The objective of this study were to prospect P. cinnamomi in soils planted with avocado trees in the Azapa and Codpa valleys of the Arica and Parinacota Region, Chile, and to evaluate the effect of artificial inoculation of isolates of P. cinnamomi on net assimilation rate of CO 2 in avocado trees. The study provides information about the phytopathogenic potential and presence of this disease in Northern Chile, adding to our knowledge of the distribution of this plant pathogen in the country.
Materials and Methods survey
28 avocado orchards were surveyed between April and July 2009, 18 in the Azapa valley and 10 in Codpa valley in each orchard three trees with symptoms were selected. The Azapa Valley has two parallel roads one is the A-27 for sampling it was separate in sectors respect Arica city, the high sector (km 20 to 45), medium (12 to 20) and low (1 to 12 km) and the other is "Las Maitas" road that it was separated into Sectors. On Another hand Codpa is a small town that was delimited for sampling only in terms of the orchards. Soil and roots were collected in the first 30 cm of the soil profile, in 4 different cardinal points in the irrigation zone. Samples were collected in polyethylene bags, labeled and taken to laboratory. Before isolating the fungus, the soil was dried at room temperature and sieved. Two collections of samples were made at the same locations on different dates.
Isolation (bait preparation)
The isolation of P. cinnamomi was made by a modification of the method described by Dhingra and Sinclair (1985) . A suspension of soil (20 g sieved soil diluted in 15 mL sterile distilled water) was prepared in sterile Petri plates, after which 20 disks of 5 mm diameter of Eucalyptus globulus Labill. leaves were placed on the soil suspension. Three replicates were used for each sample. Petri plates were incubated under artificial light at 25º to 30°C for 10 days, making regular observations with an optical microscope. Sporangia were observed on the edge and surface of the eucalyptus leaf baits, and transfered to a selective agar media (MS) (piramicin, ampicillin, Rifanpicin, PCNB and Himexazol; PARPH) (Alvarado-Rosales et al., 2008) and water agar (WA) and incubated at 25°C for identification and inoculum preparation for pathogenicity test.
Identification
The identification was based on the colony morphology of the mycelia and sporangia in agreement to the methodology proposed by Erwin and Ribeiro (1996) . Fungal structures were observed after 3 to 4 days, and characteristics of the mycelia, hyphae and presence of hyphal swellings were recorded. Different morphological characteristics of sporangia and chlamydospores of the isolates were also evaluated, using a microscope (Motic 310™, Mod. BA 310, USA) at 400 and 1,000 X (Arenas, 1998).
Pathogenicity tests
Twenty potted of Hass avocado trees of 3 year old of similar size were used. Three strains of P. cinnamomi, PCD1, PCD2 y PAZ1 (two from Codpa Valley and one from Azapa Valley), were inoculated to conduct pathogenicity tests. Plants were inoculated with 5 disks of MS medium (0.8 cm diameter) with mycelium of 5 to 9 days, in two diagonal cuts in the bark, 10 cm from the ground. After inoculation the cuts were sealed with Parafilm tape and black polyethylene. Five replicates were used per strain.
Net assimilation rate of CO 2 in avocado trees infected with P. cinnamomi, and leaf temperature, electrical conductivity (EC) and soil acidity
The net assimilation rate of CO 2 and leaf temperature, of the inoculated avocado plants, was measured in 3 young leaves of each tree with a closed photosynthesis system (IRGA model LI-COR 6200). The electrical conductivity (EC) was determined in saturation extract with Electrolytical Conductivity meter WTW LF 330 at 25° C, and soil acidity was determined by pH meter board (EXTECH 211 990).
Experimental Design
To determine the effect of the disease on the CO 2 rate completely randomized design was used with five replicates (5 trees) under greenhouse conditions, applied the Kruskal-Wallis test for CO 2 assimilation results and Tukey test for media separation. All for a significance level of α ≤ 0.05. Analyses were performed using the statistical software Statgraphics Plus 5.1.
Results and Discussion
Presence of P. cinnamomi soils planted with avocado P. cinnamomi sectors in was found in only one of the eighteen prospected sectors (18° 31.901'S; 70° 09.990'W and 973 m. a. s. l). 5.6% positive sector (4 of 108 samples; 3.7%), in the two sampling dates (Table 1 ). In the Codpa valley P. cinnamomi was found in all prospected sectors. 100% sector positive (54 positive of 60 samples; 90 %), in the two sampling dates (Table 2) . Due for the colonization of bait that was determined by tissue color changes from green to brown, and presence of sporangia on the edge of the discs. In Codpa valley the symptoms of the disease were corroborated with the results obtained with the baits (Table 1 y 2) . In Azapa valley the symptoms had no correlation with the pathogen. Morphologically the sporangia found were non papillated, ovoid, ellipsoidal to elongate ellipsoidal, with a compact apex, not outstanding, tapering or rounded at the base (Erwin and Ribeiro, 1996) (Figure 1F ). The isolates showed cenocytic and hyaline mycelia, well branched at right angles ( Figure 1D and 1E) , with abundant presence of chlamydospores. Absence of septa in the mycelium, presence of hyphal expansion coupled with a botriosum aspect, non-papillate ovoid sporangia, pyriform or ellipsoidal to elongate-ellipsoid with compact apex not prominent, tapering towards the base, are characters typical of the species (Erwin and Ribeiro, 1996) . The dimensions of the sporangia were 44-73 (56.4) x 28-43 (33.7) µm, consistent with the range defined by Besoain et al. (2005) and Zentmyer et al.(1994) was effective for the isolation of P. cinnamomi from E. globulus leaf baits; were obtain sporangia and mycelium of the fungus. MS media allowed isolation of reproductive elements sporangia, zoospores, oogonia and antheridia, but oospores were not observed. Additionally, colony growth showed the typical "camellia flower" appearance and changes of color in the MS medium. The fungus colonized the entire dish after 10 days of culture.
Observations under an optical microscope showed the presence of non-papillate sporangia of variable size and shape ( Figure 1B and 1C) . In the Codpa valley the EC of the soil ranged from 0.64 to 1.35, with the average of 0,95 dS m -1 an acceptable range for the specie (Gardiazabal and Rosenberg, 1998) . In Azapa Valley the EC ranged from 0.65 to 8.25 with average of 2.1 dS m -1 (Table 1) , Salinity levels in soil of Azapa valley, that in one sector exceeded 8 dS m -1 , may be the reason for the presence of chlorosis and defoliation that were associate with symptoms of P. cinamomi before the study. Gardiazabal and Rosenberg (1998) , argued that if the EC reaches levels above 2 dS m -1 there may be a 10% of yield reduction, and chlorosis symptoms due the avocado is sensitive to salinity. In this sense it is important to note that there may be negative relationships between soil salinity and the presence of Phytophthora since as shown in Table 1 and 2, soils of Azapa had an EC average of 2.1 dS·m -1 and the plant pathogen was detected only in one of the orchards studied, where salinity was less than the average (0.65 dS·m -1 ), while in Codpa valley the average EC of the soil was 0.98 dS•m -1 and the plant pathogen was detected in all the tested orchards, however more research is needed to demonstrate that hypothesis.
The pH of the soil in the orchards of the Codpa Valley ranged from 6.3 to 7.5, while in the Azapa Valley pH fluctuated between 4.7 and 5.7, allowing the crop to develop without limitations. Values above 8 restrict the development of the tree, especially iron deficiencies induced by the presence of carbonates in the soil (Gardiazabal and Rosenberg, 1998) . The avocado requires soil pH values between 5.5 and 6.5 and in semi-arid climates should not exceed 7.5 (Whiley et al., 2007) . Accordingly, there is no problem for the normal development of the crop in these soils (Table 1 y 2). Zentmyer (1980) indicated that P. cinnamomi optimum growth is in acidic media. Chee and Newhook (1965) , achieved a good production of sporangia in non-sterile soil extracts with pH between 4 and 7. Subsequently, Zentmyer (1980) determined that the optimum pH for sporangia production fluctuates between 6 and 6.5, therefore this fungus should growth without any problem in the soils studied. Likewise, pH should be between 5 and 7 for chlamydospore germination, although it also germinated at pH values of 3 and 9. These indicate that the soil had adequate conditions for the development of the pathogen.
In addition of all that, the symptoms may be related to toxicity of some salts present in the soil (Table 1) , also the irrigation frequency and volume of water are very important for disease development, aspects not studied in this work. Inoculated avocado trees developed typical symptoms of the disease: progressive death of foliage, reducing the size of new leaves and progressive chlorosis, first in the upper branches. Later there was defoliation and tree death (Figure 1 A and C) . This is consistent with the reports of other authors (Zentmyer, 1980; Coffey 1991) . Uninfected trees had abundant bright green foliage and well-developed leaves. Re-isolation from infected root verified the presence of P. cinnamomi.
The analysis of the CO 2 date show significative reduction of CO 2 assimilation (p < 0.05) in inoculated plants (Table 3 ). This agrees with the results of Sterne et al. (1978) and Ploetz and Shaffer (1989) . So the photosynthesis was significantly affected by the disease.
The morphometry of vegetative structures -mycelium, hyphae, hyphal expansion, chlamydospores, sporangia, antheridia and oogoniaof the isolates from Azapa and Codpa Valleys are characteristics of P. cinnamomi.
The bait method was effective for isolation of P. cinnamomi, and allowed recovery of the sporangia of the fungus.
